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Specification 

Title of the Invention 
[0001] Ink Cartridge 

Background of the Invention 

[0002] The present Invention relates to an Ink cartridge 

to be coupled to a device using Ink. 

[0003] Conventionally, Ink cartridges have been widely 

used In devices using Ink. An example of such devices, an lnk:}et 
printing device has been Icnown* The InkJet printing device 
typically Includes an InkJet head, which has an Ink nozzle. The 
Ink nozzle Is driven to eject Ink drops toward recording medium 
such as a piece of paper to form Images and characters thereon. 
Typically, the Ink cartridge Includes an Ink reservoir « and the 
Ink accommodated In the reservoir Is supplied to the InkJet 
head. 

[0004] The exchangeable Ink cartridge Is advantageous In 

that when the printer runs out of the Ink, only by replacing 
the old cartridge with a new cartridge. Therefore, the 
exchangeable Ink cartridge Is widely employed. 
[0005] A typical structure of the ink cartridge Is 

configured such that an Ink reservoir Is f ojcmed Inside a housing 
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of the cartridge, and an opening formed on the housing. The 
reservoir Is connected with a communication path, and the 
opening is sealed with a stopper such as a rubber stopper « 
[0006] The device, to which the ink cartridge is to be 

coupled, is formed with an ink cartridge bay, where a hollow 
needle is projected at a position corresponding to the rubber 
stopper* When the ink cartridge is coupled to the cartridge bay. 
the hollow needle penetrates through the rubbeir stopper so that 
the ink can be sucked via the communication path and the hollow 
needle and supplied to the device. 

[0007] In a case of an Inkjet printer, the hollow needle 

is connected with an Inkjet head througli an ink feed tube so 
that the ink Is supplied from the ink cartridge to the Inkjet 
head. 

[0008] If air or impurities Invade inside the reservoir, 

bubbles of the air and/or the impurities are supplied to the 
device together with the ink, which may cause trouble. For 
example, if the device is an Inkjet printer, and if the bubbles 
are supplied to the printer, some dots may not be formed since 
drops of ink is not jetted due to the bubbles. The impurities 
supplied to the printer may block up the ink nozzles. 
[0009] Therefore, a structiire which is capable of 

preventing the air and impurities from Invading in the device 
when the ink is supplied from the replaceable ink cartridge to 
the device is desired. 
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[0010] However, in view of manufacturing such an Ink 

cartridge « It Is desired that an operation for filling the 
reservoir with the Ink is relatively easy. Further, once the 
reservoir is filled with the Ink, invasion of the air and/or 
Impurities should be blocked without fall. ^ 

Summary of the Invention 

[0011] In view of the requirements described above, the 

present Invention Is advantageous In that It provides an Ink. 
cartridge, which Includes a housing defining a body of the 
cartridge, an ink reservoir accommodated in the housing, an 
opening formed on the housing, the opening communicating the 
ink reservoir through a fluid path, a stop to be tightly fitted 
In the opening « the stop having elasticity, the stop being 
configured such that a hollow needle can be penetrated 
therethrough, a hole formed by penetration of the hollow needle 
being closed by the elasticity of the stop after removal of the 
hollow needle, and a valve structure provided to a part of the 
stop, the vialve stznicture selectively opens and closes the 
communication between the opening and the ink reservoir. 
[0012] With this configuration, the ink can be supplied 

to the ink reservoir easily through the hollow needle. After 
the ink supply is completed, the valve structure Is closed so 
that the ink does not flow from the ink reservoir to the opening 
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and/or bubbles of the air and Impurities do not enter from the 
opening to the Ink reservoir. It should be noted that the stop 
also has a sealing effect to block the communication between 
both sides thereof. 

[0013] Optionally, the valve structure niay be configured 

to selectively open and close the communication between the 
opening, and the ink reservoir depending on a positional 
condition of the stop. 

[00141 In some embodiments, the positional condition 

includes a position along an axis of the stop. Alternatively, 
the positional condition may Include a rotational position of 
the stop. 

[ 0015 ] In one embodiment , the fluid path communicates with 

the opening at a decentered position of a bottom surface the 
opening. 

[0016] In a particular case, the valve structure may 

include a protrusion that is protruded from a bottom surface 
of the stop at a position corresponding to the decentered 
position where the opening communicates with the fluid path. 
With this configuration, the protrusion is fitted in the fluid 
path when the stop is located at a predetermined position* and 
the protrusion is spaced from the fluid path when the stop is 
located at ajiother position, along the axial direction thereof . 
[0017] Further optionally, the valve structure may be 

configured to be opened when the stop is located at a first 
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position where the stop Is Inserted lot erm diately In the 
opening, and closed when the stop Is located at a second position 
where the stop Is deeply inserted in the opening* 
[0018] In one embodiment, a position where the fluid path 

communicates with the opening Is located on- an inner side 
surface of the opening. In this case, the communication between 
the fluid path and the opening is opened when the stop is located 
at the first position, and an outer side surf ace of the stop 
closes the communication between the fluid path and the opening 
when the stop is located at the second position. 
[0019] Still optionally, the valve structure may Include 

a protrusion that is protruded from a bottom surface of the stop 
at a position corresponding to the position where the opening 
communicates with the fluid path. The protrusion Is fitted in 
the fluid path when the stop Is fully or deeply Inserted in the 
opening, the protrusion being spaced from the fluid path when 
the stop is located at an intermediate position along the axial 
direction thereof. 

[0020] In some embodiments, the protrusion Is located at 

a central portion of the bottom surf ace of the stop, and the 
fluid path communicates with the opening at a central portion 
of the bottom surface of the opening. 

[0021] Preferably, the protrusion is formed to be slightly 

larger than a portion of the fluid path where the protrusion 
is fitted in, and the protrusion Is compressed when fitted In 
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the fluid path. Generally^ when the protrusion is compressed. 
It Is h€Lrdened. Thus, the above configuration improves the 

sealing effect • 

[0022] In one embodiment, the protrusion has a conical 

shape Alternatively, the protrusion may have a cyllndrloal 
shape. It may be possible to utilize various modifications of 
the shape of the protrusion. 

[0023] In a particular case, the stop may include a barrel 

member and a closing wall defined inside the barrel member. The 
closing wall bloclcs a communication between both sides of the 
barrel member. In one embodiment, a thiclcness of the closing 
wall along the axis of the stop is smaller than a length of the 
barrel member along the axis of the stop. Of course, it is 
possible that the stop has a shape of solid cylinder. 
[0024] Optionally, the protrusion is formed on an end of 

the barrel member. Corresi>ondlng to this configuration, a 
portion where the fluid path communicates with the opening Is 
decentered and corresponding to a portion where the protrusion 
is formed on the end of the barrel member. 

[0025] According to another aspect of the invention, there 

is provided an Ink cartridge, which is provided with a housing 
defining a body of the cartridge , an ink reservoir accommodated 
in the housing, a first opening formed on the housing, the first 
opening communicating the ink researvoir through a first fluid 
path, a second opening formed on the housing, the second opening 
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communicating the Ink reservoir through a second fluid path. 
[0026] The cartridge Is further provided with a first stop 

to be fitted In the first opening, the first stop having 
elasticity, the first stop being configured such that a needle 
can be penetrated therethrough, a hole formed by penetration 
of the hollow needle being closed by the elasticity of the first 
stop after removal of the needle « a second stop to be fitted 
In the second opening, the second stop having elasticity, the 
second stop being configured such that a needle can be 
penetrated therethrough, a hole formed by penetration of the 
hollow needle being closed by the elasticity of the second stop 
after removal of the needle, a one-way valve provided between 
the first opening and the first fluid path, the one-way valve 
allowing a flow of fluid only In a direction from the Ink 
reservoir to the first opening, the air Inside the Ink reservoir 
being evacuated through the first opening, a valve structure 
provided to a part of the second stop, the valve structure 
selectively opens and closes the communication between the 
second opening and the Ink reservoir through the second fluid 
path. 

[0027] Optionally, the Ink ceirtrldge may further Include 

a connection member that connects end portions of the first stop 
and the second stop, the first stop^ the second stop and the 
connection member forming an integral stop. 
[0028] Further, a groove may be formed between the first 
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opening and the second opening. Th groove is preferably 
configured such that the connection member Is fitted in the 
groove. A surface of the housing where the first and second 
opening formed may be substantially planar when the first stop 
and the second stop are fully inserted in the first opening and 
the second opening^ respectively, and the connection member is 
fitted in the groove. 

[00219] Still optionally, the ink cartridge may include a 

protection film, which is adhered on the surface where the first 
opening and the second opening are formed to coyer the first 
opening and the second opening with the first stop, the second 
stop and the connection member fitted in the first opening, the 
second opening and the groove, respectively. 
[0030] Furthermore, opposing end portions of the 

protection film may be bent toward the housing to define bent 
portions, and the housing may be formed with grooves capable 
of receiving the bent portions. With this configuration, the 
bent portions can be accommodated in the grooves when the 
protection film is adhered on the surface vrtiere the first 
opening and the second opening are formed. 

[0031] According to a further aspect of the invention, 

there is provided a method of filling an ink in an ink reservoir 
accommodated in an ink cartridge, the ink cartridge including 
a housing defining a body of the cartridge, an opening being 
formed on the housing, the opening communicating the ink 
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reservoir through a fluid path, a stop to be fitted In the opening 
being provided, the stop having elasticity, the stop being 
configured such that a hollow needle can be penetrated 
therethrough, a hole formed by penetration of the hollow needle 
being closed by the elasticity of the stop after removal of the 
hollow needle, a valve structure being provided to a part of 
the stop, the valve structure selectively opens and closes the 
communication between the opening and the Ink reservoir 
depending on a location of the stop. The method Includes 
locating the stop at a position where the valve structure Is 
opened « penetrating a hollow lieedle, supplying the ink to the 
Ink reservoir through the hollow needle, removing the hollow 
needle from the stop, and locating the stop at a position where 
the valve structure Is closed. 

Brief Description of the Accompanying Drawings 

[0032] Pig. 1 is a side view schematically showing an 

entire structure of a complex machine to which the present 
Invention Is applicable; 

[0033] Fig. 2 schematically shows a structure of an Ink 

cartridge, printing head, a connecting structure therebetween 
and a purge mechanism: 

[0034] Fig- 3 Is a partially sectioned plan view of the 

Ink cartridge; 
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[00351 Fig. 4A Is a partially sectioned perspective view 

of a rubber stop; 

Fig 4B is a perspective view showing a housing of the 

cartridge; 

[00361 Fig- 5 shows a structiire of a one-way valve, which 

is an enlarged view of a circled portion in Fig. 3; 
(00371 Pigs. 6A-6C show procedures of manufacturing the 

one-way valve shown in Fig. 5; 

[0038] Fig, 7 shows a procedoire for attaching the one-way 

valve to a first opening of the housing; 

[0039] Fig. 8 shows a procedure for assembling a filter 

and the rubber stop to the housing; 

[0040] Fig. 9 shows a procedure for filling the ink: 

[00411 Fig. 10 shows a second stop inserted in a second 

opening ; 

[0042] Fig. 11 shows a protection film attached to the 

housing; 

[00431 Fig. 12 shows a procedure for heat-stalcing the 

protection film onto the housing; 

[00441 Fig- 13 shows a condition where the ink cartridge 

is coupled to a cartridge bay; 

[00451 Figs. 14A-14D show a structure of openings formed 

on the housing and a rubber stop fitted therein according to 
a second embodiment; 

[00461 Figs. 15A-15D Show a structure of openings formed 

10 



on the housing and a rubber stop fitted ther In according to 
a third embodiment; and 

[0047] Figs. 16A-16D show a structure of openings formed 

on the housing and a rubber stop fitted therein according to 
a fourth ^bodlment • 

Description of the Embodiments 

[0048] Hereinafter, embodiments of the present Invention 

will be described with reference to the accompanying drawings. 
[0049] Fig. 1 shows an entire structure of a complex 

machine 30 employing an Inkjet printer according to an 
embodiment of the Invention* 

[0050] OVERALL STRUCTURE OF COIPLEX MACHINE 

[0051] The complex machine 30 shown In Fig. 1 Is an InJcjet 

printer having additional functions of an image scanner and a 
facsimile machine. 

[0052] The complex machine 30 has a single body provided 

with a flat -bed type Image scanner unit 20 and an in]cjet printer 
unit 10 immediately below the image scanner unit 20. 
[0053] The image scanner unit 20 has a flat bed reading 

unit 21 having a substantially rectangular solid shape « which 
is carried on an upper side surface of the complex machine 30 . 
An original may be placed on a glass plate 22 of the flatbed 



11 



reading unit 21, and Is scanned using a close contact Image 
sensor 25 to capture an image of the original. 
[0054] The Inkjet printer unit 10 has a sheet feed tray 

11, which is arranged obliquely at a rear side (left-hand side 
in Pig, 1) of the complex machine 30. Recording sheets (e.g. , 
a stack of paper) placed on the sheet feed tray 11 is fed one 
by one, by a pick up roller 12 . from the tray 11 to a print engine 
13 provided below the image scanner unit 20. 
[0055] The print engine 13 is a well-known type of engine, 

including a platen roller, an ink^et head for jetting minute 
drops of inks (e.g., yellow, magenta, cyan and black inks) to 
the recording sheet, and the like. 

[0056] The recording sheet is fed along a sheet feed path 

defined inside the print engine 13. As described above, the 
minute drops of color inks are jetted from the InkJet head onto 
the recording sheet fed along the sheet feed path, thereby a 
color image being formed on the recording sheet. 
[0057] On a front side (right-hand side in Pig. 1) of the 

complex machine 30, a discharge tray 15 is provided^ The sheet 
on which the image has been formed is discharged from the print 
engine 13 and stacked on the tray 15. 

[0058] The Inkjet printer unit 10 is formed of an ink 

cartridge insertion bay 14, which is located on the front side 
of the complex machine 30 and below the discharge tray 15. 
[0059] Above the cartridge insertion bay 14, a first cover 
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14a, which Is a plate memb r, is provided to cov r the Insertion 
bay 14. Further, a second cover 14b covering a front side of 
the insertion bay 14 is provided. The second cover 14b is 
rotatably supported by the first cover 14a through a hinge 16. 
With this structure, by rotating the second cover 14b upward 
(i.e., counterclockwise in Fig. 1), the insertion bay 14 is 
exposed to outside to allow an ink cartridge 1 to be inserted 
therein. In Fig. 1. the ink cartridge 1 has already been inserted 
in the insertion bay 14. 

[0060] The insertion bay 14 is configured such that four 

ink cartridges respectively containing four colors of inks 
(i.e. , yellow, magenta, cyan and black inks) are arranged in 
a direction perpendiciilar to a plane of Fig. 1 (only one 
cartridge is seen in Fig. 1) . 

[0061] In the ink cartridge bay 14, a hollow needle 8 is 

protruded toward the front side (right-hand side in Fig. 1) for 
each ink cartridge 1. When the ink cartridge 1 is inserted in 
the insertion bay 14, it becomes possible to supply the ink from 
an ink reservoir inside each ink cartridge 1 to the Inkjet head 
through the hollow neeidle 8. The structure for supplying the 
ink will be described in detail later. 
[0062] Fig. 2 schematically shows a structure for 

connecting the insertion unit 14 and the Inkjet head, and a purge 
mechanism. 

[0063] Each of the hollow needles 8 provided in the 
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Insertion bay 14 is connected to a r cording head unit 42 througli 
a tube 41 provided inside the complex machine 30 , As described 
above, an ink reservoir 2 is formed inside the ink cartridge 
1. The ink filled in the ink reservoir 2 is drawn through the 
hollow needle 8 is fed, through the tube 41. to an air trap 43 
provided above the recording head unit 42 • The air trap 43 traps 
the air by letting the bubbles suspend, with the floatation 
thereof . inside the air trap 43 • The suspended air is indicated 
by reference numeral 44, Since the air trap 43 is located above 
an Inkjet head 45, the air 44 suspended in the air trap 43 will 
not reach the Inkjet head 45. 

[0064] As described above, the recording head unit 42 has 

the ink jet head 45. The Inkjet head 45 is provided with a 
plurality of nozzles 46 (only one is seen Fig. 1) for jetting 
the ink. In the Inkjet head 45 , a plurality of pressure chambers 
47 are defined (only one is seen in Fig. 2) , which communicate 
with the plurality of nozzles 46, respectively. The Inkjet head 
45 is further provided with a plurality of actuators 56 
respectively for the plurality of pressure chambers 47. The 
actuators 56 include piezoelectric elements , respectively. By 
actuating each of the piezoelectric elements to change the 
capacity of corresponding pressure chamber 47, jetting energy 
is generated, which causes the ink to jet from the nozzle 46 
as minute ink drops. The plurality of pressxire chambers 47 
communicate with a common ink chamber 48. to which the ink can 
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be supplied from the air trap 43 through an ink inlet 49. At 
the ink inlet 49, a filter 55 is provided to prevent the 
impurities in the ink £rom entering the common ink chamber 48, 
and allows only the ink to pass through. 

[00«5] Adjacent to the Inkjet head 45. a purge mechanism 

60 is provided. The purge mechanism 60 includes a plurality of 
purge caps 61 for covering the plurality of nozzles 46 of the 
Inkjet head 45, a plurality of purge pumps 63 for drawing the 
ink, a plurality of tubes 62 connecting the purge caps 61 and 
the inlets of the purge pumps 63. respectively, cmd a purged 
drain absorbing member 64. As shown in Fig. 1, the drain 
absorbing member 64 is located inside the complex machine 30 . 
iimnediately below the print engine 13. 

[0066] When a printing operation is performed, the purge 

caps 61 are spaced from the Inkjet head 45. When a purging 
operation is performed, the purge caps 61 are closely contacted 
against the Inkjet head 45 so as to cover the nozzles 46. 
respectively. With the condition shown in Fig. 2. by driving 
the purge pumps 63. a strong drawing flow is generated in the 
pressure chambers 47. common ink chamber 48, air traps 43 and 
tubes 41, and the bubbles and/or impurities in the ink are 
withdraw out of the nozzles 46. The thus withdrawn ink 
including the bubbles and/ or impurities is discharged from the 
tubes 62 to the drain absorbing member 64. 

[0067] With the above-described purging operation, the 
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bubbles and Impurities in the fluid paths in the inkjet head 
45 as well as in the tube 41 arc removed. Accordingly, 
deterioration of the printing quality can be avoided. 

[0068] STRUCTURE OF INK CARTRIDGE 

[0069] Next, an exemplary structure of an inlc cartridge 

to be inserted in the insertion bay 14 will be described- 
[0070] Fig. 3 is a plan view, partly in cross section, of 

the ink cartridge 1. Figs. 4A is a perspective view, partly in 
cross section, of a rubber stop, and Fig. 4B is a perspective 
view showing a structure of a cartridge housing at a portion 
adjacent to two openings formed thereon. Fig. 5 shows a 
structure of a one-way valve formed on an opening, which is an 
enlarged view of a circled portion in Fig, 3. 
[0071] AS shown in Fig. 3. the inlc cartridge 1 has a 

cartridge housing 4 . which is configured to have an integrally 
formed upper unit 4t and lower unit 4b. It should be noted that, 
in Fig. 3 . the up-and-down direction of the housing 4 is opposite 
to that of the figure- The cartridge housing 4 is formed of 
synthetic resin (e.g.. polypropylene) including the ln]c 
reservoir 2 which can be filled with the ink. two openings 7a 
and 7b formed on an outer surface of the housing 4, and fluid 
paths 5a and 5b respectively connecting the openings 7a and 7b 
with the ink reservoir 2. 
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[0072] INK RESERVOIR 

[0073] As shown In Pig. 2, on an upper surface (I.e.. an 

upper unit 4t side surface) of the lower unit 4b of the cartridge 
housing 4, a concave portion 2a is formed. Further, a flexible 
film 2b la provided to cover the entire concave portion 2a- 
Peripheral portions of the film 2b and the concave portion 2a 
are adhered with each other by supersonic or heat . The concave 
portion 2a and the film 2b form the inlc reservoir 2. 

[ 0074 ] OPENINGS 7a and 7b 

[0075] As shown in Fig. 3 and Fig. 4B, on the lower unit 

4b of the cartridge housing 4, two cylindrical openings, a first 
opening 7a and a second opening 7b. are formed. The two openings 
7a and 7b are arranged adjacently with respect to each other 
on a longitudinal side surface of the cartridge housing 4. 
[0076] The first opening 7a is used for drawing the Ixik 

from the inic reservoir 2 and feeding the ink to the inlcjet head 
45. and the second opening 7b is used for filling the inlc in 
the reservoir 2 when the inlc cartridge 45 is manufactured. As 
shown in Fig. 4B. the first opening 7a is slightly larger than 
the second opening 7b. 

[0077] FLUID PATHS 5a and 5b 

[0078] On the lower unit 4b of the cartridge housing 4. 

as shown in Pig. 3 and 4B. a first fluid path 5a and a second 
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fluid path 5b for respectively connecting the openings 7a and 
7b with the ink reservoir 2 are formed. 

[0079] One end portion of the first path 5a is formed to 

be a skirt -like tapered shape, and connected to a central 
portion of an inner bottom surface of the first opening 7a, which 
has a circular shape. The first path 5a communicates with the 
first opening 7a. An end of the second path 5b is connected to 
an inner bottom surface of the second opening 7b at a position 
slightly decentered with respect to a central axis of the second 
opening 7b. The second path 5b communicates with the second 
opening 7b. 

[0080] The other ends of the first and second paths 5a and 

5b are exposed to the ink reservoir 2 (a bottom portion of the 
concave portion 2a) and communicate therewith. 

[0081] RUBBER STOP 

[0082] In the openings 7a and 7b, a rubber stop 6 Is to 

be fitted. 

[0083] The rubber stop 6 is f ormed of elastic material such 

as silicon rubber. As shown in Fig. 4A, the rubber stop 6 has 
a first stop member 6a and a second stop member 6b respectively 
corresponding to the first opening 7a and the second opening 
7b. The rubber stop 6 Is an Integrally fomed member, which is 
configured such that the first and second stops 6a and 6b are 
connected by a connection member 6c. With this structure, t lie 
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first and second stops 6a and 6b, which are r latlvely small 
members « can be handled as a single member/ which Improves 
handling of the same during manufacturing. 
[0084] The top surfaces (i.e., the surface on a side 

opposite to the insertion direction) of the first and second 
stops 6a ana 6b, and the outer surface of the connection member 
6c are configured to be on the same pleme. 

[0085] On the surface of the housing 4 where the openings 

7a and 7b are f ormed, a groove 19 having a predetermined depth 
is formed to connect the openings 7a and 7b to allow 
communication therebetween. The groove 19 is configured such 
that the connection member 6g is completely accommodated in the 
groove 19. Thus, when the first and second stops 6a and 6b are 
fully inserted in the first and second openings 7a and 7b, 
respectively, the top surfaces of the first and second stops 
6a and 6b, the top surface of the connection member 6c, and the 
surface where the openings 7a and 7b are formed are on the same 
plane. In other words, unnecessary steps are not formed on the 
surface where the openings 7a and 7b are formed. Therefore, the 
appearance of the ink cartridge 1 is improved. Further, with 
this configuration, a protection film i8 can be attached easily, 
which will be described later. It should be noted that another 
groove 19s is also formed next to the second opening 7b (see 
Fig. 4B) on the surface where the first and second openings 7a 
and 7b are formed, which will be described in detail later. 
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[0086] Each of the first and second stops 6a and 6b has 

a barrel member 6x and closing wall 6y, which is formed inside 
the barrel member 6x to prevent communication between both sides 
along the axial direction of the barrel member 6x. The thickness 
t of the closing wall 6y in the axial direction is slightly 
smaller than the length h of the barrel member 6x in the axial 
direction (i.e., t<h) . With this conf igviratlon, the hollow 
needle 8, an air suction needle 51 and ink filling needle 52 

(which will be described later) can easily be penetrated through 

the stops 6a and 6b. 

[0087] The outer diameters of the barrel members 6x of the 

first and second stops 6a and 6b are slightly greater than the 
inner diameter of the corresponding openings 7a or 7b, 
respectively. Thus, when the rubber stop 6 is fitted in the 
openings 7a and 7b, the barrel members 6x are compressed in the 
radial direction thereof. Therefore, the close contact between 
the outer surfaces of the barrel members 6x and the inner 
surfaces of the openings 7a and 7b is ensured, and with a sealing 
effect of the close contact, the ink is prevented from leaking 
outside. Further, due to the above config\arat ion, in order to 
remove the rubber stop 6 from the openings 7a and 7b, relatively 
great force is required. Therefore, even If a force for pulling 
the rubber stop 6 is applied, the stop 6 will not removed easily. 
[0088] Further to the above, the connection member 6c is 

configured to connect the first and second stops 6a and 6b at 
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tbe outside tHe housing 4, and the thickness of the conn ctlon 
member 6c Is thinner than the thickness of each of the first 
and second stops 6a and 6b. 

[0089] It may be possible that the hollow needle 6 may be 

hooked by the connection member 6c, or a user may mistakenly 
remove the protection film 18 from the housing 4 and pull the 
connection member 6c with the finger. Even In such a case, with 
the above- described configuration, the stops 6a and 6b will not 
be removed easily since the connection member 6c may be cut 
before the stops 6a and 6b are removed from the openings 7a and 
7b if such a strong force Is applied. Thus, the removal of the 
stops 6a and 6b Is effectively prevented, and the ink is 
prevented from leaking outside. 

[0090] It should be noted that the outer surface of the 

barrel member 6x Is formed such that an end portion on the opening 
7a and 7b side is formed to be tapered (i.e. . the outer diameter 
Is gradually reduced on the end side). This shape eases an 
operation for fitting the barrel members 6x In the openings 7a 
and 7b. 

[0091] The first stop 6a Is formed such that the axis of 

the inner surface coincides with the axis of the outer surface. 
The second stop 6b is formed such that the axis of the Inner 
surface is shifted with respect to the axis of the outer surface. 
That Is , the second stop 6b is configured such that the thickness 
in the radial direction is different depending on the 
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circumferential portion thereof. Further, below the thicker 
portion of the barrel member 6x of the second stop 6b, a conical 
projection 6z Is formed to protrude therefrom. The conical 
projection 6e Is formed as a part of the second stop 6b. and 
located at a position corresponding to the second path 5b. When 
the rubber stop 6 is fitted in the openings 7a and 7b, the conical 
projection 6z closely contacts a portion where the second path 
5b Is connected to the bottom of the second opening 7b so as 
to seal the connected portion. 

[0092] ONE-WAY VALVE 

[0093] The one-way valve 3 is provided at the bottom 

surface of the first opening 7a. The one-way valve 3 is provided 
to prevent the bubbles and impurities from Invading in the ink 
reservoir 2. Specifically, the one-way valve 3 allows the ink 
to proceed from the ink reservoir 2 to the first opening 7a ( 1 . e . , 
the first stop 6a). and prevents the ink from proceeding from 
the first opening 7a (i.e., the first stop 6a) to the ink 
reservoir 2. 

[0094] Fig. 5 shows an enlarged view of the circled portion 

in Fig. 3, and shows a structure of the one-way valve 3. The 
one-way valve 3 includes a vale supporting member 3a « a valve 
body 3b, a cover member 3c, which are integrally assembled (a 
one-way valve assembly 3x). The one-way valve assembly 3x is 
arranged at a position between the first opening 7a and the first 



22 



path 5a. 

[0095] Hereinafter, the three members consisting the 

one-way valve assembly 3x will be further described. 
[0096] The valve supporting member 3a is formed of 

synthetic resin. The valve supporting member 3a includes a 
circular bottom plate 3al , and a cylindrical side wall 3a2 
rising perpendicularly at the peripheral end of the bottom plate 
3al. Accordingly, as shown in Pig. 3, the yalve supporting 
member 3a has a U-shaped cross section. On the upper surface 
of the bottom plate 3al (i.e., on the inner surf ace of the 
supporting member 3a) , a valve seat 3a3 is formed as a planar 
member. At the central portion of the valve seat 3a3, a 
supporting hole 3a4 is formed. Further, a plurality of flowing 
holes 3a5 are formed around the supporting hole 3a4. 
[0097 ] The valve body 3b is a main part of the one-way valve 

3, and is formed of silicon rubber. The valve body 3b is an 
umbrella- shaped member consisting of an umbrella portion 3b 1 
and a handle portion 3b2. The handle portion 3b2 Is Inserted 
through the supporting hole 3a4, thereby the valve body 3b is 
dlsplaceable in a direction of the axis of the supporting hole 
3a4. As a result, the axial movement and elastic deformation 
of the umbrella portion 3bl, it is possible to bring the valve 
body 3b in one of the following two status s 

(a) A closing status: the umbrella portion 3bl closely 
contacts the valve seat 3a3 of the valve supporting member 3a 
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and close the flowing holes 3a5: €Lnd 

(b) An opening status: the umbrella portion 3bl is spaced 
from the valve seat 3a3 so that the flowing holes 3a5 are opened* 
[0098] The cover 3c is engaged with the side wall 3a2 of 

the valve supporting member 3a such that it' covers one side 
portion (a portion opposite to the valve seat 3a3) of the 
umbrella portion 3bl of the valve body 3b* The cover 3c is formed 
with a communication hole 3cl, which allows the ink flowing, 
via the first path 5a, from the ink reservoir 2 to proceed toward 
the outside of the housing 4« 

( 0099 ] In order to have a stroke of deformation of the valve 

body 3b, a predetermined .clearance is provided between the inner 
surface of the cover 3c and the valve seat 3a3. 
[0100] On the central portion of the outer surface of the 

cover 3c. a reception surface 3c2, which contacts a filter 17 
(described later) is formed. An annular groove 3c3 to face the 
filter 17 is formed around the reception surface 3c2. and the 
annular groove 3c3 is coxuiected with the communication hole 3cl . 

[0101] MANUFACTURING PROCESS OF INK CARTRIDGE 

[01021 A manufacturing process of the ink cartridge 1 will 

be described, revolving around the assembling procedure of 
parts around the openings 7a and 7b. 

[0103] Figs, 6A-6C show a process for assembling the 

one-way valve, and Fig. 7 shows a process for attaching the 
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on -way valve to the first opening. Pig. 8 shows a process for 
assembling the filter and rubber stop, and Fig. 9 shows a process 
for filling the ink. Fig. 10 shows a process for inserting the 
second stop 6b completely in the second opening 7b to seal the 
second path 5b. Further, Pig. 11 shows a process for attaching 
the protection film to the cartridge housing, and Fig. 12 shows 
a process for heat staking the protection film on the cartridge 
housing. ^ 

[0104] The ink cartridge 1 according to the embodiment, 

the one-way valve 3 is firstly asswbled to form the one-way 
valve assembly 3x. Then, the one-way valve assembly 3x is 
coupled to the cartridge housing 4. Therefore, the assembling 
process of the one-way valve assembly 3x will be described 
firstly, with reference to Figs. 6A-6C. 

10105] In Fig. 6A. the handle portion 3b2 of the valve body 

3b is inserted in the supporting hole 3a4 formed on the valve 
supporting member 3a, and the umbrella portion 3bl is located 
inside the valve supporting member 3a. 

[0106] The handle portion 3b2 is formed with a larger 

diameter portion 3b3 at an intermediate portion thereof. The 
larger diameter portion 3b3 has a diameter slightly greater than 
that of the supporting hole 3a4 . Since the valve body 3b is formed 
of silicon rubber, the larger diameter poxrtlon 3b3 can be 
compressed in the radial direction, and thus, the larger 
diameter portion 3b3 can be passed through the supporting hole 
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3a4 . and tlie tombrella portion 3bl can be locat d Inside the valve 
supporting member 3a as shown In Pig. 6B. Once the larger 
diameter portion 3b3 passes through the supporting hole 3a4, 
It functions to restrict the removal of the valve body 3b from 
the supporting hole 3a4, Therefore, the valve body 3b and the 
valve supporting member 3a can be handled unltarlly , which eases 
the assembling process. 

[0107] Next , the cover 3c Is fitted In the valve supporting 

member 3a as shown In Figs. 6B and 6C. Thus, the assembling 
process of the one-way valve assembly 3x Is completed (Fig. 6C) . 
As can be seen In Fig. 6C, the valve body 3b Is movable with 
respect to the valve seat 3a3 In the up-and-down direction in 
Fig. 6C. Thus, the one-way valve assembly 3x functions as the 
one-way valve. 

[0108] It should be noted that, since the one-way valve 

assembly 3x is assembled firstly, and then it is attached to 
the ink cartridge 1. Therefore, it becomes possible to examine 
whether the one-way valve assembly 3x functions correctly 
before it is attached to the InJc cartridge. This process 
Improves yielding ratio in the manufacturing procedure. 
[0109] Items for examining the one-way valve assembly 3x 

may Include whether the valve body 3b moves smoothly with 
respect to the valve supporting member 3a without being hooked, 
whether there is not lea]cage between the valve body 3b and the 
valve seat 3a3 when the valve body 3b is in the closing status , 
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and the like. 

[01101 After the one-way valve assembly 3x Is assembled, 

it is attached to the first opening 7a of the cartridge housing 
as shown in Fig. 7. 

[0111] In this process, the one-way valve assembly 3x is 

oriented such that the tip of the handle portion 3b2 of the valve 
body 3b is straightly directed to the bottom of the opening 7a, 
and push- inserted therein from the handle portion 3b2. It should 
be noted that the first opening 7a is formed to be slightly 
tapered such that the bottom portion has a smaller diameter in 
order to ease the insertion of the one-way valve assembly 3x. 
Finally, the one-way valve assembly 3x is inserted in tlie 
opening 7a such that the valve supporting member 3a contacts 
the bottom surface of the first opening 7a, as shown in Pig. 
8. In this status, the umbrella portion 3b2 of the valve body 
3b is located inside the first path 5a. 

[01121 It should be noted that the first opening 7a is 

formed such that the inner diameter at the bottom portion is 
smaller as shown in Fig. 7. Further, the side wall 3a2 of the 
valve supporting member 3a has a flange portion 3a7 whose 
diameter is slightly greater than the inner diameter of the 
bottom portion of the first opening 7a. Therefore, the one-way 
valve assembly 3x is push-inserted in the first opening 7a, with 
plastic deformation of the flange portion 3a7 and/or the inner 
surface of the bottom portion of the first opening 7a. 
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[0113] In this process. If th one-way valve assembly 3x 

is appropriately oriented and the umbrella portion 3b2 is 
inserted in the first opening 7a. the one-way valve assembly 
3x will not incline to be oriented in an appropriate direction. 
Thus . once the one-way valve assembly 3x is inserted in the first 
opening 7a. only by pushing the one-way valve assembly 3x using 
a stick or the like, without using a particular jig, the one-way 
valve assembly 3x can be appropriately coupled to the housing 

'4- . ■ ■ 

[0114] The improvement of the productivity described 

above is particularly significant when the first opening 7a is 
a relatively narrow and deep opening and/ or the valve body 3b 
is a relatively small, hMd- to -handle member. 
[0115] After the one-way valve assembly 3x (i.e., the 

one-way valve 3) has been fixed in the first opening 7a. a filter 
17 is inserted in the first opening 7a as shown in Fig. 8. The 
filter 17 is to contact the cover 3c of the one-way valve assembly 
3x. The filter 17 is for eliminating the impurities included 
in the ink fed from the ink reservoir 2 to the InkJet head 45. 
[0116] Then, as shown in Fig. 8. the first and second stops 

6a and 6b of the rubber stop 6 are fitted in the first and second 
opening 7a and 7b, respectively. It should be noted that the 
first stop 6a is completely inserted in the first opening 7a. 
while the second stop 6b is not completely inserted in the second 
opening 7b but slightly spaced from the bottom surface of the 
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opening 7b, as shown in P±g, 9, That Is. at this stag , the second 
stop 6b is located at a position where the outer surface of the 
barrel member 6x closely contacts the inner surface of the 
second opening 7b, and the protrusion 6z is spaced from the 
second path 5b. As will be described below, at this stage, the 
second path 5b should communicate with the second opening 7b 
in order to allow the ink to flow from the second opening 7b 
to the inlc reservoir 2. 

[0117] * After the rubber stop 6 is coupled as described 
above , an ink is filled to the ink cartridge 1 . The ink filling 
operation is performed using a dedicated ink filling apparatus 
50, which is provided with the air suction needle 51 to be 
inserted in the first opening 7a, the ink filling needle 52 to 
be Inserted in the second opening 7b. The air suction needle 
51 and the ink filling needle 52 are arranged next to each other 
so as to correspond to the arrangement of the first and second 
openings 7a and 7b. 

[0118 ] The air suction needle 51 is connected with a vacuum 

pump and the ink filling needle 52 is connected with an ink tank 
for filling the ink. 

[0119] Fig. 9 schematically shows a condition where the 

ink cartridge 1 is coupled to the ink filling apparatus 50. It 
should be noted that the shape, orientation and arrangement of 
various parts including those of the needle 51 and 52, openings 
7a and 7b, stops 6a and 6b are determined such that, as shown 
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in Fig. 9, the air sucHlon needl 51 p netrates th closing wall 
6y of the first stop 6a, and the ink filling needle 52 penetrates 
the closing wall 6y of the second stop 6b . 

[0120] As aforementioned, since the thickness t of the 

closing walls 6y is greater than the thickness h of the barrel 
portion 6x in the axial .direction, when the needle 51 or 52 is 
penetrated through the closing walls 6y or withdraw therefrom, 
relatively low resistance is generated. Therefore, the 
operation for coupling the ink cartridge 1 with the ink filling 
apparatus 50 or detaching the ink cartridge 1 therefrom is 
relatively easy. In particular, when the coupling operation, 
the two needles 51 and 52 will not be applied with unnecessary 
force that may bend or break the same. 

[012X] The closing walls 6y are located such that when the 

ink cartridge 1 is coupled to the ink filling apparatus 50 , the 
needles 51 and 52 penetrate the closing walls 6y, respectively. 
The barrel members 6x extend, with respect to the closing walls 
6y , toward the bottom surfaces of the first and second openings 
7a and 7b, respectively. 

[0122] Therefore, by adjusting the length of the needles 

51 and 52 such that it is shorter than the length of the barrel 
members 6x but sufficiently long to penetrate through the 
closing walls 6y, it is possible to locate the tip of the needles 
51 and 52 at positions facing the bottom surfaces of the first 
and second openings 7a and 7b, respectively. 
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[0123] As described above, the ink can b fill d in the 

ink reservoir 2 without fail, even through the needles 51 and 
52 are relatively short. Therefore, the manufacturing cost of 
the ink filling apparatus 50 can be reduced* 
[0124] The shorter needles 51 emd 52 are advantageous in 

that the needleis 51 and 52 may not be bent or broken when the 
ink cartridge 1 is coupled to the ink filling apparatus 50- It 
should be noted that the outer diameter of the needles 51 and 
52 are required to have as thin as possible. If the needle are 
too thick, the resistant force generated when the needle 
penetrates through the xnibber stop 6 is relatively large, and 
further, a penetration hole through which the need was 
penetrated may not completely closed with the elasticity of the 
rubber stop 6. Further, the needles should be formed as hollow 
needles. Therefore, the strength of the needles is limited, and 
the needles are easy to bend. According to the configuration 
described above, the length of the needles can be reduced. 
Therefore, even the needles are relatively thin, they are hardly 
bent or broken when the ink cartridge 1 is coupled to or removed 
from the ink filling apparatus 50. 

[0125] If the vacuum pump is actuated under the condition 

shown in Fig. $ . the air resides in the ink reservoir 2 proceeds 
through the first path 5a. the one-way valve 3 that is 
automatically opened by the negative pressure, toward the first 
opening 7a. The air finally sucked through the suction needle 
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51 and evacuated away. 

[0126] WHen the Ink reservoir 2 Is depressurlzed as 

described above, the ink is supplied from the ink tank, through 
the ink filling needle 52, the second path 5b. to the ink 
reservoir 2. The ink is filled until the film 2 bulges as shown 
in Fig- 2, with measuring the filled amount. 
[0127] With the above process, no air resides in the ink 

reservoir 2, the paths 5a and 5b. the openings 7a and 7b, which 
are filled with the ink- After the ink filling operation is 
completed, the cartridge 1 is detached from the ink filling 
apparatus 50, the needles 51 and 52 being pulled out from the 
rubber stop 6. 

1 0128] Since the rubber stop 6 is formed of silicon rubber, 

the holes which are formed by penetrating the two needles 51 
and 52 are closed due to the elasticity of the silicon rubber. 
Thus, it is not necessary to perform a replacement procedure 
or sealing procedure after the ink filling operation. Thus, in 
accordance with the above described configuration, the number 
of manufacturing processes can be reduced. 

[01291 It should be noted that, in the above described 

manufacturing procedure, the air suction needle 51 and the ink 
filling needle 52 are penetrated to the rubber stop at the same 
time, and the suction of the air and the filling of the ink are 
performed substantially simultaneously. However, it is only an 
exemplary procedure, and the invention is not limited to the 
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same. 

[0130] For example, the air suction needle 51 may be 

penetrated first to evacuate the air, and thereafter, the ink 
filling needle 52 is penetrated to fill the ink- 
[0131] Specifically, the air suction needle 51 is 

penetrated through the first stop 6a, and the vacuum pump is 
actuated to evacuate the air so as to depressurize the ink 
reservoir 2 almost to the vacuum level. Then, the air suction 
needle 51 is removed from the first stop 6a, and the ink filling 
needle 52 is penetrated through the second stop 6b. Due to the 
negative pressure inside the ink reservoir 2, the ink is 
supplied to the ink reservoir through the ink filling needle 
52. 

[ 0132 ] As aforementioned, the hole formed on the first stop 

6a by the air suction needle 51 is closed by the elasticity of 
the first stop 6a, the air will not flow inside through the first 
opening 7a. Even if the air enters through the first opening 
7a, the one-way valve 3 functions to prevent the air from flowing 
toward the ink reservoir 2. 

[0133] When the air suction needle 51 is penetrated, by 

some reason, it may be inserted excessively so that the tip of 
the needle 51 may be located at a position indicated by 
two-dotted line in Fig, 9. However, according to the 
above- described configuration, the cover 3c is provided on the 
first stop 6a side of the one-way valve 3, and the air suction 
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needle 51 Is prevented from proceeding further. That is. the 
cover 3c preventing the air suction needle 51 from proceeding, 
and therefore, the air suction needle 51 will not reach the 
one-way valve 3. Thus, the one-way valve 3 will not be broken, 
and the yielding ratio is raised. 

[0134] As aforementioned, the reception surface 3c2 is 

formed on the cover 3c at the central portion tat a portion to 
which the excessively inserted needle 51 may reach) thereof. 
The filter 17 is provided to contact the reception surface 3c2. 
Therefore, even if the air suction needle 51 is excessively 
inserted, as the tip of the needle 51 is blocked by the reception 
surface 3c2 . only the sharp portion of the needle 51 penetrates 
through the filter 17. and the thick portion of the needle 51 
does not penetrate through the filter 17. Therefore, a 
relatively large hole will not be formed on the filter 17. and 
the filter 17 functions correctly even after penetrated by the 
needle 51. 

[0135] As shown in Fig. 10. after the ink is filled, the 

* second stop 6b of the rubber stop 6 is fully inserted in the 
second opening 7b , thereby the opening at which the second path 
5b communicates with the bottom surface of the second opening 
7b is sealed by the protrusion 6z. 

[0136] That is. the second stop 6b can be movable along 

the axis of the second opening 7b to locate at an opening position, 
at which the protrusion 6z is spaced from the second path 5b, 
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and a closing position, at which the protrusion 6z close 
contacts the end of the second path 5b to seal the path. The 
protrusion 6z allows the ink to flow from the second stop 6b 
to the ink reservoir 2 when the ink filling operation is 
performed, while the protrusion 6z prevents the flow of the ink 
after the ink filling operation has been completed. 
[0137] In other words, when the second stop 6b is 

completely fitted in the second opening 7b. a first sealing 
effect caused by the close contact between the outer surface 
of the barrel member 6x and the inner surface of the second 
opening 7b, and a second sealing effect caused by the close 
contact of the protrusion 6z and the end of the second path 5b 
are available. Therefore, by the first and second sealing 
effects, it is ensured that invasion of the air from the second 
opening 7b to the ink reservoir 2 through the second path 5b 
is prevented, and leakage of the ink supplied from the ink 
reservoir through the second path 5b and the second opening 7b 
is prevented. 

[0138] After the second stop 6b is fully inserted in the 

second opening 7b, the protection film 18, which is formed of 
a thin plate member having end portions which are bent so that 
the protection film 18 has a U-shaped cross section, is secured 
onto the cartridge housing 4 such that it covers the openings 
7a and 7b in which the rubber stop 6 is fitted, as shown in Pig. 
11. Although the cross-sectional structure will not be 
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illustrat d. It has Integrally formed (stacked) two layers: a 
layer formed of polypropylene (which is the same as the material 
of the housing 4); and a layer formed of polyethylene 
terephthalate which has higher heat resistance properties than 
the polypropylene. 

[0139] The film 18 is attached to the housing 4 with the 

layer of the polypropylene facing the openings 7a and 7b. Then, 
as shown in Fig. 12, a heater is applied from the outside so 
that the layer of the polypropylene is fused, thereby the 
protection film 18 being adhered on the ink cartridge 4. 
[0140] With this configuration, removal of the rubber stop 

6 from the openings 7a and 7b when handling the cartridge 4 is 
prevented. 

[0141] AS described above, since the inner surface of the 

protection film 18 is formed of polypropylene, when the heater 
is applied as shown in Fig- 12, it fused and well bonded onto 
the housing 4 which is also formed of polypropylene. 
[0142] On the cartridge 4, a pair of narrow grooves 9 and 

9 are formed with the two openings 7a and 7b located therebetween. 
When the protection film 18 is bonded on the cartridge 4 , the 
bent end portions of the protection film 18 are inserted in the 
grooves 9 and 9, respectively. Since the end portions of the 
protection film 18 are located inside the cartridge housing 4 
(i.e. , since the end portions of the protection film 18 are not 
exposed to outside), even if an external force is applied, the 
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protection film 18 will not be peel d from the end portions 
thereof. 

[0143] As shown in Fig. 4B and Fig. 12, the surface of the 

cartridge 4 on which the openings 7a and 7b are formed is 
configured such that a portion where the protection film 18 is 
bonded is protruded with respect to the other portions by a 
predetermined amount g. Further, the portion where the 
protection film 18 is bonded is formed to be a planar surface 
except for the portion where the rubber stop 6 is attached. 
[0144] Accordingly, when the heater having a planar heat 

applying surface is placed on the protection film 18. only the 
portion where the protection film 18 is bonded can be heated, 
which ensures the adhesion. Further, since the other portion 
is spaced from the heat applying surface of the heater by the 
amount g. the surface of the housing 4 will not be fused 
unnecessarily- Thus, the appearance will not be deteriorated 
by the unnecessarily fused portion of the housing 4. 
[0145] Further, as shown in Figs. 4B and 12, the groove 

19s is formed next to the second opening 7b. The groove 19s 
communicates with the second opening 7b at one end, and with 
one of the grooves 9 at the other end. When the ink cartridge 
1 has been assembled, it will be vacuum-packaged so as to be 
stored for a long time. When the ink cartridge is enclosed in 
a vacuum packaging , the pressxire inside the ink cartridge 1 may 
become higher than the pressxire outside the ink cartridge due 
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to the a±r retained inside the ink cartridge. If the prot ction 
film 18 completely seals the upper surface of the housing 4, 
since there is a minute gap or passage through which the air 
flows between the rubber stop 6 and the openings 7a and 7b, due 
to the difference of the pressures, the protection film 18 may 
become easy to be unstuck. According to the . embodiment , by 
providing the groove 19s, the inner space of the ink cartridge 
1 and the groove 9 communicate with each other. Therefore, the 
pressure difference between the inside and outside of the ink 
cartridge 1 is dissolved. Therefore, the adhesiveness of the 
protection film 18 with respect to the surface of the housing 
4 is improved. 

[0146] It should be noted that, in the embodiments, only 

one groove 19s is provided next to the second opening 7b. However, 
it is only an exemplary configuration, and the groove 19s may 
be formed next to the first opening 7a, or two grooves 9 may 
be formed respectively next to the first and second openings 
7a and 7b. Further, the location of the groove 19s is not limited 
to the above-described location.. As long as it allows 
communication between the inside of the ink cartridge and the 
outiside thereof, a groove (or an opening) having any shape at 
any location provides the same effect. 

[0147] It should be noted that, for bonding the protection 

film 18, a fusing device utilizing supersonic wave can be used 
instead of the heater described above. 
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[0148] CONNECTION BETWEEN CARTRIDGE and COMPLEX MACHINE 

[01491 A coupling condition of the ink cartridge 1 to the 

complex machine 30 will be described with reference to Pigs. 

2 and 13. . - 
[0150] Fig. 13 shows a condition where the ink cartridge 

1 is coupled to the cartridge bay of the complex machine 30. 
[0151] AS shown in Fig. 13. the hollow needle 8 provided 

at the cartridge bay 14 is penetrated through the protection 
film 18 and the first stop 6a when the ink cartridge 1 Is coupled 
to the cartridge bay 14 . The tip of the hollow needle 6 is located 
at a position between the filter 17 and the inner, surface of 
the closing wall 6y of the first stop 6a- 

[0152] Under this condition^ the ink in the reservoir 2 

is supplied, through the path 5a, the one-way valve 3, the hollow 
needle 8. the tube 41 (see Fig. 2), to the head unit 42. 
[0153] It should be noted that, positions and arrangement 

of the hollow needle 8 is determined so that, when the cartridge 
housing 4 is coupled to the cartridge bay 14 of the complex 
machine 30, the hollow needle 8 for drawing the Ink from the 
ink reservoir 2 penetrates through the closing wall 6y and is 
located at the above -described position. 

[0154] AS described above, the thickness t of the closing 

wall 6y is smaller than the thickness h of the barrel member 
6x along the axial direction. Therefore, similarly to the case 
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of the two needles 51 and 52 of the ink filling apparatus 50. 
the resistance force is relatively small wheii the hollow needle 
8 is penetrated through and pulled out of the closing wall 6y. 
Accordingly^ the operation for coupling the ink cartridge 1 to 
the cartridge bay 14 is relaitlvely easy, and unnecessary force 
for bending and/or breaking the hollow needle 8 may not be 
applied to the hollow needle during the coupling operation • 
[01551 Further, the rubber stop 6 is formed of silicon 

rubber. Therefore, when the hollow needle 8 is penetrated 
through the closing wall 6y. and then removed, a hole formed 
by the penetrated needle 8 will be closed by the elasticity of 
the silicon rubber. Therefore, even if the cartridge 1 once 
coupled is removed, the ink remaining therein will not leak 
since the hole f oinned by the hQllow needle 8 is closed when the 
cartridge 1 is removed from the cartridge bay 14. 
[0156] Furthermore, similarly to the case of the ink 

filling apparatus 50, the closing wall 6y is located at a 
position where the hollow needle 8 penetrates through the 
closing wall 6y when the cartridge 1 is inserted in the cartridge 
bay 14. The barrel member 6x of the first stop 6a extends on 
the bottom surface side of the first opening with respect to 
the closing wall 6y. 

[0157] Therefore, if the length of the hollow needle 8 is 

determined such that it only penetrates the closing wall 6y of 
the first stop 6a, even though it is shorter than the length 
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of the barrel member 6x along the axial direction, the tip of 
the hollow needle 8 faces the bottom of the first opening 7a 
(i.e. , located within a space between the bottom of the opening 
7a and the inner svirf ace of the closing wall 6y) , and the ink 
in the ink reservoir 2 can be supplied to the recording head 
unit through the hollow needle 8. 

[0158] As described above, even though the length of the 

hollow needle 8 is suppressed, the ink can be supplied to the 
recording head unit 42 appropriately. Accordingly, the 
manufacturing cost of the cartridge bay 14 can be reduced. 
[0159] The above-described configuration is also 

advantageous in that the hollow needle 8 Is hardly bent . Similar 
to the needles 51 and 52 of the ink filling apparatus 50. the 
hollow needle 8 is required to be relatively thin, and have a 
hollow structure. Therefore, the hollow needle 8 is easily bent 
vh^n an external force is applied. According to the 
above^described configuration, however, since the length of the 
hollow needle 8 can be suppressed, the hollow needle 8 may not 
be bent easily even if it is relatively thin. 
[01601 The second path 5b communicates with the second 

opening 7b at a position which is decentered with respect to 
the central axis of the second opening 7b. Therefore, even if 
the hollow needle 8 is penetrated through the closing wall 6y 
of the second stop 6b. i.e., the tip end of the hollow needle 
8 is located in the second opening 7b, by erroneous operation 
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of some other reason, unless the hollow needle 8 Is furth r 
inserted to penetrate through the thick portion of the barrel 
member 6x of the second stop 6b and the protrusion 6z. the tip 
of the hollow needle 8 will not riaach the second path 5b. 
C 01611 Accordingly, even If an erroneous operation is 

performed as described above, the air or impurities will not 
enter the ink reservoir from outside through the hollow needle 
8. . 

[01621 AS described above, the second stop 6b and the 

protrusion 6z function as a valve mechanism. That is. when the 
first stop 6b Is positioned such that the protrusion 6z is spaced 
from the second path 5b. the "valve" is opened. When the first 
stop 6b is moved to be positioned such that the protrusion 6z 
close the end of the second path 5b. the "valve" is closed. In 
other words, the "valve" is selectively opened or closed 
depending on the axial position of the second stop 6b. 
[01631 An exemplary embodiment has been described with 

reference to the accompanying drawings. The invention is not 
limited to the above embodiments .and various modification will 
be considered without departing from the gist of the invention. 
For example, the protrusion 6z for closing the second path 5b 
may have various modifications. Some examples of the 
modification of the protrusion 6z will be described hereafter 
as second through fourth embodiments of the invention. 
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[0164] SECOND EMBODIMENT 

[0165] Figs. 14A through 14D show a structure of the 

openings 7a and 7b, and the stops 6a and 6b. according to a second 
embodiment . 

[ 0166 1 - According to the second embodiment, as. shown in Pig . 
14A, the second stop 6b is provided with a protrusion 62' having 
a substantially cylindrical shape, which is different from the 
conical shape of the protrusion 6z shown in Pig. 8. Further, 
the protrusion 62' is provided at the central portion of the 
bottom surface of the second stop 6b. Corresponding to the 
location of the protrusion 6z ' . the second path 5b communicates 
with the second opening 7b at the central portion of the bottom 
surface of the opening 7b. 

[0167] Fig« 14B shows an inlc filling operation according 

to the second embodiment. Similarly to the first embodiment, 
when the ink filling operation is performed, the second stop 
6b is not completely inserted in the second opening 7b. and the 
protrusion 6z' is spaced from the second path 5b so that the 
second path 5b communicates with the second opening 7b. 
Therefore, the ink can be supplied from the second opening 7b 
to the ink reservoir 2 through the second path 5b. 
[0168] As shown in Pig. 14B. the air suction needle 51 is 

penetrated through the closing wall 6y of the first stop 6a. 
and the ink filling needle 52 is penetrated through the second 
stop 6b such that the tip end of the ink filling needle 52 is 
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protruded from the bottom surface of the second stop 6l> at a 
position where the protrusion 6z' Is not provided. The ink 
filling operation is similar to that performed in the first 
embodiment. 

[01691 After the ink is filled, the second stop 6b is fully 

inserted in the second opening 7b as shown in Figs. 14C and 14D 
so that the protrusion 6z' is inserted in the second path 5b. 
It should be noted that the protrusion 6z' is formed to have 
a larger diameter than the inner diameter of the second path 
5b. Therefore, when the second stop 6b is press -inserted In the 
second opening, the protrusion 6z' is inserted in the second 
path 5b with being compressed and deformed. With this 
configuration, after the protrusion 6z» is inserted in the 
second path 5b. the outer surface of the protrusion 6z* closely 
contacts the inner surface of the second path 5b, thereby the 
second path 5b being completely closed and does not communicate 
with the second opening 7b as shown in Fig. 14D. 
[0170] As a result, the flow of the ink from the second 

stop 6b side to the ink reservoir 2 is prevented, and therefore, 
invasion of bubbles and impurities in the ink reservoir 2 is 
avoidable. Further, under the condition shown in Fig. 14D, if 
a user erroneously attempts to penetrate a needle through the 
second stop 6b, it is very difficult to have the needle penetrate 
through the protrusion 6z' since it is compressed and therefore 
hardened. Therefore, the invasion of the bubbles and impurities 
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due to Buch an erroneous operation Is also avoidable. 



[0171] THIRD EMBODIMENT 

10172] Figs. ISA through 15D show a structure of the 

openings 7a and 7b . and the stops 6a and 6b, according to a second 
embodiment. The third embodiment is similar to the second 
embodiment except that an incision is formed on the protrusion 
6z' at its proximal end (i.e., the second stop 6b side end) , 
and a curved second path 5b' is provided instead of the straight 
second path 5b, as shown in Fig. ISA. 

10173] Fig. 15B shows an ink filling operation according 

to the third embodiment . Similarly to the first embodiment, when 
the ink filling operation is performed, the second stop 6b is 
not completely inserted in the second opening 7b, and the 
protrusion 6z' is spaced from the second path 5b' so that the 
second path 5b' communicates with the second opening 7b- 
Therefore, the ink can be supplied from the second opening 7b 
to the ink reservoir 2 through the second path 5b' . 
1 0174 1 After the ink is filled , the second stop 6b As fully 

inserted in the second opening 7b as shown in Figs. ISC and ISD 
so that the protrusion 6z' is inserted in the second path 5b' . 
[017S] With this configuration, when the protrusion 6z' 

is inserted in the second path 5b'. the protrusion 6z' is 
deformed or bent, as shown in Fig. 15D, so as to follow the shape 
of the second path 5b* . 
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[0176] Una r the condition shown In Fig. 15D, If a user 

erroneously attismpts to penetrate a needle through this second 
stop 6b, It is very difficult to have the needle penetrate 
through the protrusion 6z ' since It is compressed and therefore 
hardened. Therefore, the invasion of the bubbles and impurities 
due to such an erroneous operation Is also avoidable. 
[01771 Further, If the user erroneously pulls out the 

second stop 6b, the protrusion 6z' Is cut out at the Incision 
and remains in the second path 5b' to prevent the communication 
with the second opening 7b. Therefore, also in this case, the 
invasion of the bubbles and Impurities in the Ink reservoir 2 
is avoidable. Further, the ink will not spatter when the second 
stop 6b is pulled out of the second opening 7b. 
[0178] It should be noted that forming an incision is an 

exemplary configuration, and various modification may be 
considered. What is important Is the proximal end of the 
protrusion 6z' is weakened so that the protrusion 6z' is easily 
deformed to follow the curved second path 5b when inserted 
therein, and is easily cut off when the second stop 6b is pulled 
out of the second opening. Accordingly, instead of forming the 
incision, the proximal end portion may be formed to be thin. 

(01791 FOURTH EMBODIMENT 

[0180] Figs. 16A through 16D show a structure of the 

openings 7a and 7b, and the stops 6a and 6b, according to a fourth 
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embodiment . According to tbe fourth mbodim nt , as shown in Fig . 
16A, the second stop 6b is not provided with a protrusion, and 
a second path 5b" is configured to communicate with the second 
opening 7b at the side surface thereof. The second path 5b" has 
a curved shape and connects the second opening 7b and the ink 
reservoir 2. In the fourth embodiment, the side surface of the 
second stop 6b functions as a valve to close the second path 
5b". 

[0181] Pig. 16B shows an ink filling operation according 

to the fourth embodiment. Similarly to the first embodiment, 
when the ink filling operation is performed, the second stop 
6b is not completely inserted in the second opening 7b. and the 
second path 5b" communicates with the second opening 7b. 
Therefore, the ink can be supplied from the second opening 7b 
to the ink reservoir 2 through the second path 5b". 
[01821 After the ink is filled, the second stop 6b is fully 

inserted in the second opening 7b as shown in Pigs. 16C and 16D 
so that the second path 5b" is closed by the side surface of 
the second stop 6b. 

[0183] As a result, the flow of the ink from the second 

stop 6b side to the ink reservoir 2 is prevented, and therefore, 
invasion of bubbles and impurities in the ink reservoir 2 is 
avoidable. F\irther, under the condition shown in Pig- 16D, if 
a user erroneously attempts to penetrate a needle through the 
second stop 6b toward the second path 5b" . it is very difficult 
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to have the needle obliquely penetrate through the second stop 
6b. Therefore, the Invasion o£ the bubbles and Impurities due 
to such an erroneous operation Is also avoidable. 
[0184] In each of the embodiments « by Inserting the second 

stop 6b to an Intermediate position « the Ink filling operation 
can be performed. Then, by further Inserting the second stop 
6b (l.e.« by further moving the second stop 6b In Its axial 
direction) so that the second stop 6b Is completely fitted in 
the second opening 7b, the communication between the Ink 
reservoir 2 and the second opening 7b is disabled, thereby 
Invasion of the bubbles and/or impurities in the ink reservoir 
2 can be prevented. 

[0185] The present disclosure relates to the subject 

matter contained in Japanese Patent Application No. 
2002-214079, filed on July 23, 2002. which is expressly 
Incorporated herein by reference in its entirety. 
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